Abstract. Differential Evolution (DE) and Dynamic Programming (DP) are important optimal methods in reservoir regulation. In the previous work [1], we presented the outline of DE, and applied it into Pleikrong reservoir, a big one in the Highland of Vietnam for dry season of 2010 year. Continuing from that, in this work, we present the outline of DP and then again, apply it to Pleikrong reservoir; and also apply it to Ialy, the biggest reservoir in Sesan cascade in the Highland of Vietnam; to reach optimal regulation for the maximum power production in the dry season of two years: 2010 and 2012. The results getting from DP are compared to the results by using DE. The results by these two methods have the same trend of releases which is storing the water at the beginning and significantly releasing at the end of the calculation time.
INTRODUCTION
Many problems in economics, mathematics, engineering, agriculture, and so on, require optimal solution. Therefore, the methods to reach the optimal solution have been researched for a long time and been enhanced, expanded and combined, modified and developed over time with the development of computer science and the greater and greater need of practical calculation. Optimization methods are different analyses to get the best target under a set of constraints. Optimization problems have many categories: linear or nonlinear, deterministic or stochastic, static or dynamic, continuous or discrete, single or multi objective [2, 3] . This classification is based on the character of both objective functions and the constraints. Many methods are studied to solve these problems such as Linear Programming (LP), Dynamic Programming (DP), Nonlinear Programming (NLP), Genetic Algorithm (GA), etc [4] [5] [6] . These methods are also being improved and developed into many versions to adapt to specific problems with specific characteristics separately [7] [8] [9] [10] . Dynamic Programming (DP) is a recent, large-scale-applied optimization method which is researched and used worldwide. In Vietnam, this method is used more frequently in many researches. In 2003, Ha Van Khoi shown that DP could be applied to plan and regulate a power plant cascade [11] . That research tested DP to 3 reservoirs of Da river and claimed that DP had overcome the local optimal than other linear methods, however, the amount of calculation is big and the test cases are made with many suggestions of the inflow. In 2012, Le Hung set the optimal reservoir problem and used DP to apply for some reservoirs to show that this method is a good tool for planning water resource [12] .
In Vietnam, to operate and regulate reservoirs, many ministries get involved such as the Ministry of Industry and Trade, Ministry of Agriculture and Rural Development, Ministry of Natural Resources and Environment, etc. The reservoir operation must not only be reasonable, consistent with agricultural seasons, time of electricity using peak, but also need reasonably discharged to avoid flood in rainy season, and to store enough water in dry season. Therefore, reservoir optimization problem is a significant practice problem in the world and Vietnam in particular. Even in a specific river cascade, regulation of a reservoir to get maximum electricity production objective only is not easy because the optimal standards are various, only applicable to each separate project, and not general.
PROCESS OF OPTIMIZATION BY DYNAMIC PROGRAMMING

Outline of Dynamic Programming
The concept called Dynamic Programming was first introduced by Bellman in 1957 [13] . Since then, Dynamic Programming (DP) has become a major research sector in applied mathematics, basic researches and computer science. It has also become an optimization method that has been widely using in many fields such as technology, economy, planning and management, etc [14] [15] [16] [17] .
Bellman used the concept "Dynamic Programming" to describe the process of solving problems to find the best one in a group of decisions. "Programming" means using different methods to get the optimal solution, and "dynamic" mentions the aspect of time in the problem. The optimality principle of Bellman about the optimization problem in recursive form is the core of DP: "An optimal policy has the property that whatever the initial state and initial decisions are, the remaining decisions must constitute an optimal policy with regard to the state resulting from the first decisions" [13] .
The process of an optimization can be described as [18] (Fig. 1) , where S t : states variables, depended on controls and inputs, r t : control variables, selected to maximize or minimize the benefit, I t : input variables, r t (S t ): decision rule, is the function that gives u t for any x t , S t+1 = g (S t , r t , I t ): state equation, S 0 : initial condition. This method is usually applied to problems that are sequential. The simple idea of this method is: instead of solving a complicated problem, we solve each separated part of it then combine the result of each part into an overall result. Each small part of the problem only done once by DP and thus the number of calculations is reduced [12] .
In other words, DP discomposes an N-decision problem into N of separate, interrelated sub-problems, each sub-problem is a stage. Each stage is characterized by chosen state variables. The decision analysis from this stage to the next one until reaching the last one could be done through space or time by control the decision variables.
The frame work of DP could be described as below [18] (Fig. 2) . The optimization problem is selecting r 0 , . . . , r T−1 to maximize the benefit. The benefit of the problem could be described in the recursive equation as below [16] 
where j: current stage, F * j+1 : accumulated sub-optimal benefits for future stages j + 1, j + 2, . . . , T, could be the power production in reservoir optimal problem, T: total number of stages, S j : system state at stage j, is the water level or storage in reservoir optimal problem, S j+1 = g S j , r j , t : state transformation equation, r j : decision taken at stage j, is the release in reservoir optimal problem, E j S j , r j : benefit or contribution of the decision r j given state S j at the initial stage, could be energy or power production at state j in reservoir optimal problem.
In the reservoir optimization problem, states variables could be water levels or the corresponding reservoir volumes; the control variables could be the releases, and the objective function could be the hydro power production. In this case, the chart and the flow diagram of the optimal trajectory as Figs. 3 and 4 below [16] , which could be shortly explained as:
We separate the storage volume of the reservoir into n parts which is called n states of the reservoir.
We separate the calculating time, in this case is 130 days, into 14 parts, then call them 14 stages. Each stage is 10 days.
The volume of the reservoir at the starting time is V 0 at stage 0.
From volume V 0 at stage 0, there are many ways to go to stage 1 by many ways of release water. With each way of release, we can calculate the corresponding electricity. The release give the highest electricity from stage 0 to stage 1 is the optimal solution for the first step.
Repeat the same sequence with other steps to reach the optimal releases to get optimal electricity production. E S r : Benefit or contribution of the decision j r given state j S at the initial stage, could beenergy or power production at state j in reservoir optimal problem In the reservoir optimization problem, states variables could be water levels or the corresponding reservoir volumes; the control variables could be the releases, and the objective function could be the hydro power production. In this case, the chart and the flow diagram of the optimal trajectory as below [12] , which could be shortly explained as:
-We separate the storage volume of the reservoir into n parts which is called n states of the reservoir. 
Application of dynamic programming
We now apply DP to maximize the total electricity production over a prespecified time period of two biggest reservoirs of Sesan cascade: Pleikrong and Ialy.
In this work, we apply DP to find the optimal set of releases to get the maximum power production of each reservoir in the years of 2010 and 2012.
The objective function in this case is:
where
h i -water height at time period i, Q i -release at time period i, k -overall generation efficiency. The problem is created as in [1] which means calculation time is in dry season of Sesan cascade. It starts at the beginning of December and ends in the next June. The reservoir management is followed the operation rules in the decision No. 1182 QD-TTg of the Government of Vietnam signed in July 17, 2014 [19] .
The data that is used in this paper was provided by the team of Institute of Mechanics of VAST in project of building the reservoir operation for Sesan cascade in dry season (under contract N 01/2011/QTVH -SESAN on June 02, 2011).
The results by DP of Pleikrong and Ialy reservoirs are shown as the charts and Tables below. These results are compared to the results by Differential Evolution which is a method in Genetic group that we presented in our previous work [1] .
Application to Pleikrong reservoir
Pleikrong hydropower plant is located at the upstream of Sesan river in the Highland of Vietnam. It has a significant affect to the other plants of this cascade. The main objectives of Pleikrong reservoir are storing water for the whole Sesan cascade and producing electricity to regulate flooding in rainy season and enhance the capacity of the lower plants, see Fig. 5 . Water height is non-linearly related to the volume of the reservoir. To calculate the objective function, we need to have the corresponding water heights of the volumes. The relationship between water levels and the volumes is given in the operation rules in the decision No. 1182 QD-TTg of the Government of Vietnam signed on July 17, 2014 [19] in Fig. 6 .
There are some constraints that the calculating must be satisfied, such as the storage volume of the reservoir must be lower the given useful volume, the releases must be lower than the designed maximum release. We also need some other data such as the inflows to the reservoir, the initial water level is given by the initial volume. These inputs of the problem are shown in Tabs. 1 and 2. In Fig. 7 , the releases from the first period to the 9 th period are equal to the inflows. This means that at the beginning of the dry season, water is stored to reach to the maximum water level. Then releases are higher and higher at the end of the season. This way of release could give the highest power production. The releases are also given in the table form in Tab. 3.
The results of Pleikrong reservoir in 2012 are shown in Fig. 8 . In Fig. 8 , water is also stored at the beginning periods and highly released at the ending periods. The detail optimal releases are also shown in table form as in Tab. 4. 
Application to Ialy reservoir
Ialy hydropower plant is the biggest one in Sesan cascade and the second one in Vietnam, after Hoa Binh power plant, see Fig. 9 . Pleikrong release and Dabla river are two inflows of Ialy reservoir. Ialy power plant supplies most of the energy for the Highland of Vietnam. The relationship between water levels and the volumes of Ialy reservoir is given [19] , as Fig. 10 . The constraints for Ialy reservoir and the initial data are given in Tab. 5 and Tab. 6. The optimal releases of Ialy reservoir in 2010 are shown in Tab. 7 and Fig. 11 . In this Fig. 11 , we can see that water is firstly stored at the beginning periods to reach maximum water level. Then it starts to release because of the inflows are high. The releases from the 6 th period to 12 th period are up and down, depended on the inflows to keep the maximum water level. At the end of the season, water is released maximum for maximum power production.
The results calculating for Ialy reservoir in 2012 are shown as in Tab. 8 and Fig. 12 . As shown in Tab. 8 and Fig. 12 , water is released right at the beginning of the season. It is different to Tab. 7 and Fig. 10 for results in 2010. The reason is in 2012 water of Ialy reservoir is excess. Then water releases depend on the inflows to the reservoir. It needs to keep the maximum water level. Finally, the releases are increased at the end of the season to get maximum power production. 
CONCLUSION
The electricity productions and the set of the releases getting by these two methods are close to each other, respectively. The slight differences between them depend on the input of the year, for example, in 2010, the water levels and the inflows are low, DE gives higher amount of electricity production; while in 2012, the water levels and the inflows are high, then DP gives a slightly higher production. However, electricity productions using both these two optimization methods are much higher than the real production. That could be concluded that DP and DE are reliable methods for reservoir optimization problems.
